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^oUowing  Is  the  tranalatlon  of  three  artlelee  In  the 
Rusalen-language  periodical  Maditaklnalctara  Radloloe^ 
(Medical  Radloloflr),  Vol  7«  Mo  8,  Moeoow,  Attfuat  1962 
Additiontl  bibUoKraphie  information  aeoompaniaa  oaeh 
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of  radioolactronica  in  biology  and  medicine 
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Following  la  a  translation  of  an  artlela  by  P«  N. 
flaalar  and  P.  A*  Butlni  in  tha  Ruaelan»languaca 
PTlodlcal  MadltsiintWf  Rf^ioloal'ra  fMwdlc*!  Ra- 
diol^^),  Vol  7|  No  Moscow,  August  19^,  pag«> 


At  ths  prasant  tlna  thara  has  baan  a  graat  daal  of  study  on  tha 
disturlianoa  of  natural  and  acguirad  IssMOlty  In  acuta  radiation  sick- 
nass*  Thara  ara,  howoTwri  wtlj  isolatad  investigations  of  tha  affaet 
of  ohr9nlc  ionizing  radiation  on  nachanlsns  of  ismalty  (P*  R.  Klsalar 
and  P«  A*  Bttsinii  V.  R*  SiTartsava)  0.  0.  Alaksflorera)  • 

Five  year 8  ago  oar  laboratoxy  bagaa  axpariwantal  inTastleatlons 
on  tha  studF  of  elaiaiCf  sustalnad  action  of  y'-lrradiation  Co^  on  in¬ 
fection  and  Issainliy.  In  tha  data  publishad  during  this  tina,  we  exa- 
■Inad  Invastigatlon  results  of  tha  affaot  of  sustained  action  of  ioni¬ 
sing  rsdiatlan  on  hunoral  iMunlty  and  tha  course  of  certain  processes 
of  Infactlon  (P#  R«  KisaleT  and  P*  A*  Businl)  P*  A.  Buslnij  V.  R.  Siver- 
tseva) «  In  oi^ar  to  have  a  clear  picture  of  tha  disturbance  of  natural 
lasamity  and  Inmunogsnesls  in  these  conditions,  however,  it  is  naoassaiy 
to  clarify  tha  affect  of  sustalnad  snail  dosage  radiation  call  UsminitF 
axid  cosipara  obsarvad  disturbanoas  of  tha  hunoral  lanunlly  with  changes 
in  ianunity  nachanlsns  of  tha  cell*  It  is  only  under  these  conditions 
that  we  can  understand  not  only  the  character  and  coaplataness  of  the 
disturbances,  but  also  their  significance. 

In  prevlcus  research  it  was  aseartalnad  that  during  the  chronic 
sustalnad  action  of  ionising  radiation  on  tha  organisn  changes  in  the 
hunoral  Insunlty  occur.  This  is  aspressed  in  a  daereasa  of  bactericidal 
capacity,  of  tha  blood,  and  increase  la  sansitivlly  to  Infaoticm  of  tha 
irradiated  organisn,  and  in  tha  final  analysis  tha  davelopnent  of  auto- 
Infeotlonary  proeassas.  It  was  found  that  the  greatest  disturbance  of 
natural  InsKmity  was  obsarvad  in  tha  ease  where  tha  organisn  was  subject¬ 
ed  to  radiation  in  tha  period  of  snbryoganasls.  Inaiunity  disturbance 
passes  through  a  stage  of  hunoral  Inaamity  aotlvation  and  tha  process 


of  Imsnmogenesis  *  This  phenoattnon  ia  svldence  that  during  the  process 
of  chronic  im'adlation  of  the  organism^  in  response  to  irradiation  In- 
Jury,  protect! vs  laaunizlng  mechanlems  begin  to  function.  With  the  ex- 
haustlri  of  adaptive  mechanisms,  there  Is  m  onset  of  humoral  lonunity 
decrease.  The  data  obtained  has  shed  a  oartaln  amount  of  li^t  on  the 
character  and  course  of  changes  in  humoral  immunity. 

Tlie  present  article  examines  experimental  data  on  the  study  of 
the  influence  of  chronic,  suatalned  V-lrradi'tlon  Co®  on  cellular  immu¬ 
nity.  Experiments  were  performed  on  rabbits,  gioinea  pigs,  white  mice 
and  rats.  The  same  irradiation  techniques  were  used  as  before  (P.  N. 
Kiselev  and  P.  A.  Businl).  Dosage  strength  varied  within  limits  of  0.5- 
4.3  g/dayj  total  dosages  50-4»000  g.  The  animals  were  observed  for  a 
period,  of  five  years. 
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Changes  in  the  activity  of  phagocytic  leulcocytes 
during  chronic,  sustained  irradiation  of  guinea 
plgai^o®  in  relation  to  total  dosage  (dosage 
strength  3.5  g  per  day) 


We  studied  the  results  of  chronic,  sustained  ioniaing  Irradiation 
as  It  affected  the  phagocytic  capacity  of  leukocytes,  ttie  aegregatlonal 
function  of  the  retie ulo-endothelial  aystem,  and  the  sensitivity  of  so¬ 
matic  cells  to  toxins  and  viruses.  We  studied  the  phagocytic  activity 
of  leukocytes  on  guinea  pigs  according  to  the  tecimique  of  V,  II.  Berman 
and  E.  M,  Slavskaya.  We  studied  the  absorbing  and  digesting  capacity 
of  leuVof^taa  In  relation  to  Bact.  typhi  abdominnlis.  Table  1  presents 
data  on  quantitative  and  qualititive  changes  in  the  phagocytic  activi¬ 
ty  of  leukocytes  in  g-.inea  pigs  during  irradiation. 

We  see  from  Table  1  that  the  total  irradiation  dosage  of  465  r 
was  not  lethal  for  guinea  pigs  and  led  to  comparatively  minor  changes 
in  the  phagocytic  activity  of  leukocytes.  With  increase  in  time  inter¬ 
vals  that  the  animals  spend  in  the  sphere  of  ionizing  irradiation,  and 
the  Increase  in  the  general  total  dosage,  eventual  weakening  of  the 
phagocytic  activity  of  leukocytes  occurs.  Phagocytic  weakening  parallels 
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th«  groirth  of  porccntogs  of  dotall  tnd  affocta  not  only  the  abaorWLngi 
bat  eloo  the  digeetlTe,  oapaoity  of  leakoccrtes.  At  total  dosagea  of 
700-1 »000  g)  howarerj  the  abaorblng  oapaeity  of  lankoegrtaa  aas  dlatarbad 
to  a  (Mailer  degree^  aod  the  dlgea^Te  eapaolty  to  a  larger  degree.  In 
•ubaequent  elgaifloaat  laoreaae  of  total  doeage  of  Irradiation,  there 
wae  leea  expreaaion  of  a  proportional  relation  between  the  phagocytic 
count  and  the  phagocytic  oharaoter. 

After  eatabllehing  thle  gaoeral  pattern  for  the  disturbance  of 
the  phagocytic  oapacltgr  of  leulcoeytaB  under  chronic,  sustained  irra¬ 
diation,  wo  studied  phagooytio  ohsdcges  in  relation  to  the  age  of  irra¬ 
diated  anieala.  We  had  two  objectives  in  our  work*  First  we  investi¬ 
gated  changes  in  the  phagocytic  capacity  of  leakoeytes  In  the  offspring 
of  anlnals  who  were  pregnant  during  the  course  of  irradiation.  Fa  also 
studied  distnrbanoes  of  the  phagocytic  function  of  tha  leukoo^s  of 
aica  ehoaa  oouraa  of  Irradiation  was  initiated  at  various  periods  In 
the  poet-natel  developmnt.  The  aim  of  all  thia  axparinantation  waa  to 
clarify  ehieh  of  tha  ontoganatie  periods  (atarting  with  aabryoganasia 
and  continuing  throng  aamial  ■atority)  Is  the  nost  vulnerable  in  tha 
iMsuiological  Sanaa  under  ebronio  irradiation. 

TIm  investigation  of  phagocytic  activity  of  leukocytes  under 
irradiation  in  nice  during  the  period  of  sabryogenesle  was  conduotad 
on  two  groapa  of  aniaala.  The  first  group  —  ulee,  bom  of  parent 
irradiated  during  the  period  of  intra>^terlne  developnent  (TM  r  doae) 
and  poat-natal  davalopasnt  (200  r  does).  Tha  second  group  wae  eonpossd 
of  tha  sans  nice,  idiioh  were  removed  from  the  sphere  of  rediatlon  in- 
nediately  following  birth.  The  control  group  consisted  of  aloe  weigh- 
lag  10-12  g  which  were  not  subjected  to  irre^tion,  and  which  were  bom 
of  non-lrredlatsd  parents.  Aainal  phagocytosis  was  Investigated  accord¬ 
ing  to  the  attalnaant  by  experimntal  aninale  of  the  weight  of  the  nice 
frm  the  control  group  (10-12  g). 

The  results  of  the  esqserlaente  ere  presented  in  Table  2. 

As  we  see  frcai  Table  2,  irradiation  during  the  period  of  anbryo- 
geneaie  leads  to  funotionally  non-full-^velaed,  in  the  ^gocytie  sense, 
leukocytes  even  under  rslatlvsly  snail  total  dosage  (200  r).  Tbs  in- 
nsdiats  renovml  of  nice,  following  birth,  from  the  sphors  of  ionising 
radiation  does  weaken  the  eventual  injury  of  this  defensive  function  of 
the  orgaalsa,  yet  phagocytosis  In  eiqperlnmtal  anlnals  is  signlfiesntly 
weaker  than  in  the  control  group.  Consequently  these  eiqperinents  indi¬ 
cate  a  aignificant  sansitivlty  of  the  laukeoyta  phagocytic  function 
under  irr^ation  of  tha  orga^an  in  tha  period  of  intra-utertoe  devalop- 
nant. 
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Table  2.  Chanees  in  phagocytic  activity  of  leukocytes 

in  mice  subjected  to  chronic  irradiation  during 
the  period  of  intra-uterine  developaient  at  do¬ 
sage  strengths  of  4*3  t“/day  (experlnenls  in  vitro) , 
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(2)  It  of  cells  psrtlclpeting  in  phagocytoeie 

(3)  Phagocytic  nuaber 

(4)  Character  of  phagocytosis 

(5)  C<»plete 

(6)  Mixed 

(7)  Incomplete 

(8)  Mice  Irradiated  during  the  period  of  enbryogenesis 
and  following  birth  (total  dosage,  200  r) 

(9)  Mice  irradiated  during  the  period  of  eabiyogenesis 

and  raoved  from  the  sphere  of  radiation  following  birth 

(10)  Control  mice 

In  another  series,  InTestigators  studied  changes  in  phagocytic 
activity  of  leukoctyes  in  relation  to  fvge.  With  this  ala,  alee  were 
irradiated  following  birth  at  the  ages  of  >J-5»  6-7  weeks  and  at  the 
attainaent  of  a  16-18  g  welg)it«  Irradiation  was  performed  at  dosages 
of  1,29  r/dsy  and  prolonged  for  14  months.  Phagocytosis  was  investl- 


gated  after  a  total  dose  of  520  r.  Investigation  results  showed  that« 
at  the  saae  irradiation  dosage«  the  disturbance  in  phagocytic  activity 
was  unequal  in  animals  irradiated  at  various  ages  (Table  3) • 


Table  3<  Changes  in  phagocytic  activity  of  leukocytes 
in  relation  to  the  typhus  bacillus  in  alee 
irradiated  at  different  ages  (dosage  strength 
1.29  r/day,  dosage  520  r) 
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In  the  eaqperiments,  we  not  only  noted  a  disturbance  in  jdiagocytlc 
activity  of  leukocytes  in  animals  subjected  to  chronic  irradiation,  but 
also  discovered  a  relation  with  the  period  of  the  develooment  of  the  or¬ 
ganism  when  it  comes  into  the  sphere  of  radiation* 

At  the  sane  time  that  the  phagocytic  activity  of  leukocytes  was 


etiidlfld,  T9  als3  inrygtli'itad  th®  segrogatlonal  functioa  of  the  retlculo- 
eti'^othellil  system  through  marked  3?5  b.  coll  end  colloidal  Ve 

conducted  experiments  on  white  mice  tAo  had  received  varying  total  do¬ 
sages  of  irradiation,  injecting  them  Intravenously  with  either  marked 
bacteria  or  We  evaluated  the  function  of  the  rsticulo-endothe- 

llal  system  according  to  the  technique  of  Benacerraf,  Halpem  et.  al. 
Figure  1  presents  data  concerning  the  functioti  of  the  retlculo-eado- 
thelial  system,  derived  on  the  basis  of  studying  how  the  blood  purifies 
itself  from  marked  S35  E,  coli  after  the  action  of  100-1,650  r  at  the 
same  dosage  strength  (2.4  r/'dsy).  As  we  see  from  Figure  1,  at  total 
dosage  of  100-550r,  one  can  observe  some  stimulation  of  the  function  of 
the  reticul-endothelial  system,  expressed  by  an  increase  In  the  rapidity 
of  the  blor>d  cleansing  process  from  foreign  particles.  The  stim-ilation 
that  occurs  is  preceded  by  a  stage  of  stable  weakening  of  the  sagregatio- 
nal  f'lnction  of  the  reticul-endothelium.  However,  even  at  total  doses 
of  1,650  r>whlch  was  fatal  in  65%  of  our  cases  over  a  two-year  perlo-i, 
we  did  not  observe  complete  blockage  of  the  segregntimal  function  of 
the  reticiilo-endothellal  system.  This  indicates  great  restorative  ca¬ 
pacity  under  chronic  irradiation.  Conseijjently,  chronic,  continuous 
actl'^i  of  relatively  small  doses  of  ionising  radixtlon  finally  leads  to 
weaken ‘ng  of  the  function  of  the  retlculo-endothelial  system,  although 
the  everitual  weakening  passes  through  a  stage  of  stimulation  of  its  se- 
gregntiooal  function.  The  organism's  Irmiunity  depends  In  a  certain  mea¬ 
sure  on  the  degree  of  som&tic  cell  sens’ tivity  to  various  pathogenic 
agents,  including  bacterial  toxins  and  viruses.  We  therefore  evaluated 
cell  iomun’ty  of  chronically  irradiated  animals  both  according  to  chan¬ 
ges  la  their  sensitivity  to  endo-and  exo-toxins  of  various  bacteria,  and 
according  to  their  response  reaction  to  the  vlrtia  as  a  intracellular  pa¬ 
rasite.  In  f’.  s  connection  we  investigated  somatic  cell  reaction  to 
vims  induction  of  grippe,  and  by  this  we  judged  the  changes  In  their  de¬ 
fensive  function.  This  would  be  analogous  to  judging  the  defensive  func¬ 
tion  in  general  according  to  paranecrosis  or  cell  ability  to  form  vital 
stain  granules  (D.  N,  Nasonov  and  V,  Ta.  Aleksandrov), 
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Figure  1.  Blood  purification  from  Bact,  coll,  marked 

’Under  chronic,  continuous  Co^  Irradiation  of 
the  organism  in  relation  to  dosage  magnitude 
(dosage  strength,  2,41*^  r/dajr) 
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Table  4.  Dynamics  of  the  formation  of  defenaiye,  oxyphiHc 
components  in  the  cells  of  the  trachea  and  main 
bronchi  of  adca  under  chronic  Irradiation  (dos&ga 
strength*  1.29  r/day)  when  infected  with  weakly 
pathog«iic  strains  of  grippe  virus,  type  A. 
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Legend*  (1)  Average  quantity  of  components  for  900  epithelial  cells 


The  reaearcii  of  Harford  and  Hamlin,  and  V.  E,  Pigarevskiy  shows 
that,  in  respoaso  to  the  inductio>:i  of  wda’dy  patho*Tetiic  grippe  virus  in¬ 
to  tracheal  epitheliun,  basophilic  and  oj^phlllc  components  appear  in 
call  cytoplaaa*  The  basophilic  comjjonents  consist  of  accunulations  of 
virus  particles,  ^lla  oxyphilic  fomations  reflect  the  cell’s  defensive 
reaction,-  A.  A,  Saorodintsev  established  that  there  Is  a  disturbance 
of  the  formation  of  oxyphilic  components  in  cells  during  acute  radial 
injury  to  the  organism.  As  a  result  of  these  concepts,  we  Infected 
iiuradiat^  mice  (1,29  r/day,  after  total  doses  of  220  and  430  r)  as  well 
as  control  mice  with  grippe  vims  A,  and  did  not  approach  them  again  for 
1-5  days,  TTe  investigate  the  eplthelliJ*  of  the  trachea  and  main  bron¬ 
chi  histologically  for  the  presence  of  defensive  oxyp}»ilic  components 
according  to  the  Doninlci-Plfarevskly  method,  We  present  the  results  of 
this  research  in  Table  4* 

As  we  see  from  Table  4,  chronic  action  of  relatively  small  irra- 
diitlon  doses  on  white  mice  leads  to  a  change  in  the  dynamics  of  the 
format! '>n  of  defensive  oxyphilic  bodies  in  epithelial  cells  of  the  tra¬ 
chea  and  aai.i  bronchi^  in  response  to  cellular  penetr'.ti''n  of  weakly  patho¬ 
genic  strains  of  grippe  virus.  At  total  radiation  dosage  of  220  r,  we 
can  observe  stimulation  of  the  formation  process  of  defensive  components 
and  some  increase  in  t<ie  tempo  of  their  disappearance  from  the  cytoplasm; 
this  Indicates  an  increase  In  the  defensive  reaction.  Increase  of  to¬ 
tal  dosage  to  430  r,  on  the  contrary,  leads  to  a  significant  expression 
of  a  decrease  in  the  formation  of  oxyphilic  cellular  components,  which 
char'^ctarizes  weakening  of  somatic  cell  defensive  reaction  as  a  result 
of  t)ie  prolonged  action  of  radiation.  Goose  luently,  our  experiments 
showed,  as  bad  investigations  of  the  f'onct  on  of  the  reticulo-endothe- 
llal  system,  phasic  changes  in  the  defensive  reaction  of  cells  to  virus, 
conditioned  by  the  chroRiic  action  of  small  doses  of  radiation.  These 
phasic  ch€mg«s  indicate  that,  in  response  to  initial,  weedc  expression 
of  radlatlio  injury,  there  occurs  activlzmtion  of  somatic  cell  defensive 
reactions  including  increased  formation  of  oxyph-llic  coiQK>nents  against 
the  virus.  As  injury  Increases,  we  observe  gradual  weakening  of  the  ab¬ 
sorbing  function  of  the  reticul-endothellum,  and  decrease  In  epithelial 
cell  capacity  to  form  defensive  components, 

A  second  criterion  in  the  evaluation  of  the  cell  Immunity  of  ir¬ 
radiation  animals  was  Investigation  of  their  sensitivity  to  various  bac¬ 
terial  toxins  (Bact,  perfxd-ngens,  Bact,  tyrJtii,  and  others).  We  studied 
sensitivity  changes  in  Irradiated  white  mice  to  endo-  and  exo-toxlns  af¬ 
ter  tiie  action  of  190,  285,  and  950  r  at  dosage  strengths  of  1,29  r/day. 

He  evaluated  the  degree  of  sensitivity  in  Irradiated  and  control  animals 
through  LD50  toxin  determination  according  to  Reed  and  Minch's  method. 

As  a  result  of  these  investigations,  we  established  that  radiation 
doses  at  the  Indicated  strength  to  total  doses  of  285  r  decrease  sensiti¬ 
vity  In  animals  to  bacterial  toxins.  Total  doses  exceeding  this  level, 
on  the  contrary,  increase  sensitivity  to  toxins.  Figure  2  presents  data 
illustrating  sensitivity  changes  in  irradiated  animals  to  toxin  Bact. 
perfringens  at  a  950  r  total  dosage.  This  means  that  at  this  radiation 
dose.  Irradiated  animal  sensitivity  increased  I.1S2  tiiaeB  In  comparison 


•to  the  central  group.  Conaequently  these  data  also  indicate  the  phaalo 
chiiractcr  of  8o«K,tic  cell  senelttvlty  ch<inge3  during  the  course  of  chro¬ 
nic:,  continuous  actl  n  of  relatively  SBall  doses  of  Ionizing  radiation 
on  the  org:mLein. 


figure  2*  Sensitivity  of  white  mice  to  Eact.  oerfringens 

toxin  during  chronic,  continuous  Co^  irradiation 
of  the  organism  (dosage  strength  1,260  r/day) , 


Toxin  doee 


On  tne  basis  of  the  conducted  experiments,  we  can  conclude  that 
chronic  Irradla  tion  leads  to  a  disturbance  in  many  aspects  of  cell  i»- 
iiunity,  particularly  to  decrease  in  the  phagocytic  capacity  of  leuko¬ 
cytes;  wsikanlrijj  of  the  ssgregational  function  of  the  reticulo-endothik- 
llal  aystemj  decrease  in  somatic  cell  defensive  function  to  virus  pene¬ 
tration;  anil  Increase  In  sensitivity  "to  bacterial  toxins.  A  character¬ 
istic  prooeriy  of  the  observed  weakening  of  cell  immunity  is  the  fact 
that  it  is  preceded  by  a  atlwilation  phase,  emerging  in  the  initial  pe¬ 
riod  of  chronic  irradiation,  irtiich  Is  then  followed  by  weakening. 

Er.oloritlng  In  this  way  the  disturbance  in  natural  immunity  and 
process  of  immonogenesls  during  chronic  eotlon  of  ionizing  radiation 
on  the  organism  as  a  whole,  it  Is  necessary  to  recognize  that  weakening 
of  immunity  -iouches  u  x>n  humoral  as  well  as  cell  immunity,  A  comparison 
c»f  dls-yarbances  in  humoral  and  cell  imnninity  shows  that  they  occur  at 
the  sare  timri  In  the  irradiated  organism;  they  are  initiated  under  the 
action  of  apprxt.’Cimately  equal  total  doeepj  and  have  the  same  direction, 
"Ixii  depressed  pliasa  is  preceded  by  stimulation  of  the  organism's  defen¬ 
sive  reaetlotw,  having  a  compensatory  character  and  a  definitely  positive 
iteaning  in  the  straggle  against  infections.  Under  continuing  ionizing 
radlatrlor..,  the  resulting  injury  is  not  compensated,  and  there  occurs  a 
weakeniing  of  v&rl.'us  aspects  of  cell  and  humoral  immunity  following  which 
the  orgar.lsn  becemes  an  arena  for  various  auto-infectionary  processes 
>iavlng  a  chronic  course.  As  a  result,  various  infection,  and  primarily 
auto-lnfeetiona.cy,  processes  serve  as  the  main  reason  for  organism  fa- 
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talltgTf  when  the  organisa  haa  been  subjected  to  cbronlcy  continuous  action 
of  relatively  aaall  doses  of  ionising  irradiation. 
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THE  PRODUCTION  OP  JJOROAN’S  TOnCOINPECTION 
IN  MONKErS  IN  REUTION  TO  ACUTE  RADIATION 
SICKNESS 

~  USSR  - 


[Polloirlng  Is  a  translation  of  an  artlcl*  by  L.  A* 
xakovlavaj  B*  A«  Lapin  and  S.  M.  Pakeraan  In  tha 
Russian  language  periodical  l^ic^  Radiology^  toI. 
7,  no  8,  August  1962,  pages  65-68^ 


At  tha  prasent  tine  it  is  wall  astablished  that  a  single,  masiva 
irradiation  significantly  daoreasas  tha  animal  organism *b  resistance  to 
various  agents  of  Infeeticn,  both  bacterial  and  virus*  The  investlga<- 
tions  of  native  and  foreign  writers  were  presented  in  the  recently  pub¬ 
lished  monographs  of  V*  L*  Troitskiy  and  M.  A*  Tunanyan  (195^),  0.  ?• 
Peterson  with  co-authors  (1961).  Similar  research  on  thes<!e  problems 
in  relation  to  monkeys  has  been  very  scarce*  Por  example,  if.  A.  TuBan*> 
yan,  in  experiments  on  monkeys,  not^  an  abrupt  increase  in  their  sen¬ 
sitivity  to  dysentery  during  irradiation  at  lethal  and  eub-lethail  doses 
of  ionising  irradiation. 

Pe  obtained  similar  results  In  stidylng  the  couraeof  Breslau's 
paratyphoid  fever  in  relation  to  irradiation  at  sub-lethal  dosage.  Z. 

K.  Stasllevlch,  studying  factors  decreasing  the  natural  resistance  of 
monkeys  to  Salmonellas  and  ooll-enterltes,  established  that  during  sub- 
lethal  dose  irradiation  there  is  an  increase  in  susceptibility  of  animals 
to  coll-enterites  and  paratypoid  fever  B,  as  well  as  a  significant 
Increase  in  the  severity  of  these  infections  and  Heidelberg's  paratyphoid 
fever.  Dysenteric  and  paratyphoid  fever  agents,  however,  are  considered 
highly  pathogenic  for  monk^e*  In  maintaining  these  anliMls  in  cages, 
without  any  experimental  intervention,  one  can  encounter  the  appeai^nee 
of  these  Infectionary  processes  in  themf  tLel?  occurence  often  assumes 
the  character  of  an  epidemic  outbreak.  In  a  number  of  cases  It  is  also 
possible  to  produce  these  infections  in  monkeys  artificially. 

We  considered  it  useful  to  clarify  whether  susceptibility  increases 
and  the  course  of  the  illness  becomes  more  severe  only  in  the  infections 
listed  above  (having  a  relatively  wide  "epontaneoae”  distribution  among 
monkeys  and  artificially  induced  iut  them),  or  whether  the  observed  regu- 
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larltle8/4ecordlng  to  Illnesses  produced  by  pathogenic  stimuli.  With 
this  aim  we  dwelt  on  the  experiment  of  producing  Morgan's  toxlcoinfeotion 
whose  Btimulus«  being  conditionally  pathogenic  for  monkeys^  can  often 
be  found  In  the  feces  of  healthy  animals.  Apparently  otonk^s  rarely 
become  ill  from  Morgan's  toxicoinfeetion.  In  isolated  cases,  however, 
diarrhetic  monkeys  excrete  Morgan's  baelUus  (Lovell,  Haaerton) . 

In  the  past  7  years,  monkeys  of  ths  Sukhtimskiy  znirsety  were 
found  to  have  Morgan's  toxlcolnfectltm,  confirmed  bacteriologlcally, 
only  3  times.  In  this  case,  ths  disease  had  the  character  of  an  apldemlc 
outbreak!  3  young  mwakeys  less  than  a  year  old  who  were  on  artificial 
feeding  became  ill  and  died  within  several  days.  In  relation  to  all 
autopsies  on  monkeys  (1600)  conducted  during  this  period,  death  from 
Morgan's  toxlcoinfeotion  was  responsible  only  for  O.IS^. 

Ths  clinical  and  pathomorpholoKical  picture  in  the  dead  animals 
was  characterized  by  the  development  of  a  severe  catarrhal-hemorrhagic 
gastroenteritis.  This  was  aoeompanled  by  ewslllng  of  the  mesenterial 
lymphatic  nodes  and  enlargement  of  Payer's  patches  of  the  ileum.  En- 
largnent  of  the  Intestinal  lymphatic  apparatus  and  that  of  the  mesentery 
was  associated  with  hyperemia,  edema,  aid  proliferation  of  lymi^old 
elements  in  lymphatic  formations. 

We  used  young  Rhesus  monkeys  of  sn  average  ege  from  i  U.  1^^  years. 
Contamination  was  conduoted  eocordlug  to  the  same  technique  used  in  the 
investigation  of  experimental  paralyphoid  infection  of  monkeys.  Tbs 
monkeys  were  contaminated  by  mouth  on  an  empty  stomach  ty  daily  agar 
culture  in  quantities  of  30^50  mlrd.  microbe  bodies  following  prepara¬ 
tory  induction,  one  hour  prior  to  contamination,  of  3-5  ml  bull  bile 
(depending  on  the  age  of  the  animal). 

The  attempt  to  infect  10  monkeys  without  prior  irradiation  was 
not  successful.  The  animals  remained  healthy,  according  to  clinical 
findings  aid  blood  indicators.  For  some  time  following  contamination 
(from  3  to  16  days  in  different  animals),  however,  there  were  large 
quantitlee  of  Morgan's  beeterle  in  ths  fecal  matter*  Venous  blood  sssh 
pies  remained  sterile.  Starting  with  the  second  week  the  blood  of  ell 
Infected  monkeys  showed  anti-bodies  to  Morgan's  bacteria  in  titers  of 
li200j  and  by  ths  15-l6th  day  —  in  titers  of  ItSOO*  Later  we  observed 
a  decrease  in  anti-body  titer. 

Infection  of  7  monkeys  under  the  same  conditions  with  praeedlng 
irradiation  gave  somewhat  diatlnctlve  results.  The  animals  were  subjected 
to  irradiation  In  300  r  doses  on  the  twin  ROM-3  apparatus  2-3  days  prior 
to  Infection  (voltaget  180  kV;  current!  15  mA;  dosage  strength!  17  r/hour) • 
In  eiqperiitonts  we  conducted  earlier,  irradiation  of  monkeys  in  doses  of 
250-300  r  produces  s  very  light  form  of  radiation  slekeass  which  is  cli¬ 
nically  characterised  prinmrlly  ty  the  development  of  short-term,  super¬ 
ficial  leukopenia  (2,500-3,000  leukocytesA  ot  blood). 

Out  of  7  Irra/^ted  and  infected  monkeys,  7  became  ill*  The  ill¬ 
ness  was  characterized  by  the  appearance  of  a  watery,  fetid  stool  from 
the  2nd  day  following  irradiation}  the  stool  was  sometimes  mlxsd  with  mu¬ 
cus*  In  all  the  sick  monkeys  we  observed  liatlessness,  loss  of  appetite 
in  various  degrees.  The  diarrhea  was  accompanied  by  significant  increase 
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In  the  ESR  (fron  16  to  46  tat/hcnr),  Tho  illnosa  was  aecoapanliad  tgr  a 
Bodar^te  laukopanla  (2,400-1|800  Isukoojrtss/l  bb^}.  In  four  ssriously 
ill  anlnals  (Sinai  7or«S|  Sbaylaii  Polchok}|  Igr  tLa  3>4th  day,  ono  could 
already  observe  the  appearance  of  significant  exlcosls  in  the  fomi  of 
a  severe  rolling  back  of  the  iyes  and  deere'^se  in  skin  turgor*  In  2  of 
these  aniaals  (Polchok  and  Sins)  repeated  Toniting  was  observ^tOn  rib 
ca9 auseultatloni  moist  rales  were  heard  in  3  animals.  The  duration  of 
the  illness  varied.  In  2  mildly  sick  animals  (Shusa  and  Tartan)  the 
mild  diarrhea  (without  any  disturbance  of  the  general  state  of  the  ani.> 
malS|  and  with  ESR  increase  to  18  aB0vour)  continued  only  3  days.  In 
the  two  monkeys  who  surriyed  the  UIjmss  with  severe  dlarrheSi  the  111** 
ness  lasted  a  relatively  shoi>t  time  >-  7  and  13  dsye*  Penal  bacteria 
in  all  animals  was  observed  a  relatively  short  time  —  from  2  to  6  days. 

The  agglutination  reaction  from  the  blood  serum  of  all  Irradiated 
animals  2^  weeks  following  infection  gave  no  positive  result.  Two  mon¬ 
keys  fron  this  group  (Sine  and  Shaylm;  died  on  the  3rd  and  7th  day  of 
the  lllnessi  corresponding  to  the  5th  and  10th  day  following  irradiation. 

On  pathologoanatomlcal  autopsy  of  these  anlmalS|  Morgan's  bacteria 
was  found  in  the  contents  of  the  stomach|  and  eatall  and  large  intestine. 

In  one  case  (Sina)|  the  microbe  was  also  found  in  limg  tissue.  In  the 
monkey  who  died  on  the  3rd  day  of  illnessi  we  observed  catarrhal  inflam¬ 
mation  of  the  Btucouis  swmbrane  of  the  small  and  large  intestinsi  acouih* 
panied  by  severe  swelling  of  Intestinal  loops.  The  niuucus  membrane  was 
pick  and  swollen  throughout.  Edema  and  hyneremie  of  the  mucous  and  sub- 
mucoua  intestinal  layers  were  obseT*ved.  Edematous  viUi  of  the  small 
intestine  were  usually  deprived  of  epithelial  covering.  The  contente 
of  the  saall  and  large  Intestine  were  watery.  Intestinal  inflammation 
was  not  accompanied  by  noticeable  hyperplasia  of  the  spleen  atid  mesente- 
rifil  lymph  nodes*  Tna  lymph  nodes  were  observed  to  have  significant  ede¬ 
ma  and  hyperemia  with  severe  dilate. tlon  of  the  sinuses.  In  sinus  lumens 
we  find  a  largi  quantity  of  mleropheges  in  whose  protoplasm  there  are  of¬ 
ten  erythrocytes  I  brown  pigment »  and  cell  fragments.  In  sons  arseis  of 
the  sinus  lumen  we  found  the  fine  network  of  fibrin.  The  quajitlty  of 
cells  in  the  cortical  layer  of  the  mesenterial  and  peripheral  nodes  was 
somewhat  decreased  i  this  did  not,  however,  eppesr  in  the  form  of  signi¬ 
ficant  wasting  awjr  of  lymphoid  tissue.  Light  centers  were  not  numerous, 
and  were  of  small  sites.  There  was  often  cell  degeneration  with  rheals 
of  the  nucleus.  The  spleen  was  small,  moderately  firm,  with  a  well- 
marked  network  of  trabeculae  and  small  follicles.  The  quantity  of  lympho¬ 
cytes  appeared  significantly  decreased.  Blood  vessels  were  usually  dis¬ 
tended.  Small  hemorrhages  were  encountered.  This  aonkay  was  also  suf¬ 
fering  from  focsl  pneumonia  having  a  very  mixed  morphological  character. 

At  the  same  time  that  alveolar  groups  were  observed  filled  with  leuko¬ 
cytic  exudate,  alveoli  were  encountered  with  serous  fluid  In  the  lumen 
containing  various  quantities  of  macrophages.  In  some  areas  the  alveoli 
were  almost  completely  full  of  erythrocytes,  and  sometimes  with  fibrin. 

The  procees  had  the  distinctive  character  of  bronchopneumonia  with  leu¬ 
kocytic  Infiltration  of  bronchial  walls  and  with  serous-leukocytic  exudate 
filling  Ituiens  of  the  bronchi.  Other  .internal  organs  presented  a  picture 
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of  Boderate  hyperomia.  Uador  th«  and^eardluB  of  tho  loft  TontrlelOf  there 
were  a  few  heacrrhagee. 

In  the  eeeond  eeae^  where  the  nonkey  died  on  the  7th  day  of  ill<> 
ness,  pathoMorphologlcal  Investigation  showed  severe  gastroenteritis  with 
severe  edema  of  the  mucous,  sub-sucous,  and  in  some  places  of  the  serous 
layer,  as  well  as  the  appearance  of  a  large  number  of  hemorrhages  in  the 
stomach  and  along  the  course  of  &e  small  intestine.  The  mucous  membrane 
of  the  stomach  showed  small  neeroses.  The  contents  of  the  small  and 
large  intestine  were  watery  with  pinkish-gray  small  flakes.  In  micro¬ 
scopic  section,  follicles  were  not  distinguished. 

In  microscopic  investigation,  significant  hypersmia  of  the  organ 
was  observed  with  blood  overflow  in  the  sinuses.  Follicles  were  small. 
The  quantity  of  lymphocytes  in  them  was  noticeably  reduced.  Light  cen¬ 
ters  In  follicles  were  found  relatively  infrequently.  Occasionally  we 
found  here  an  accumulation  of  protein  emudate.  We  had  similar  findings 
in  the  mesenterial  lymph  nodes  where  the  number  of  lymj^ocytes  vis  also 
clearly  reduced.  We  found.  Just  as  in  the  monkey  who  had  died  on  the 
3rd  day,  that  the  nodes  had  severe  distension  of  sinuses  with  sn  accu¬ 
mulation  of  a  large  number  of  macrophages.  We  very  often  observed  ery¬ 
throcytes  in  macrophags  protoplasm,  and  less  often  —  clumps  of  brown 
pigment. 

These  observations  are  evidence  that  the  stimulus  for  Morgan's 
toxlcolnfectlon,  being  for  Rhesus  monkeys  conditionally  pathogwile  and 
not  inducing  in  artificial  infection  the  appearance  of  an  infectionary 
process,  on  x-ray  irradiation  of  these  animals  at  sub-lethal  doses,  pro¬ 
duces  the  development  of  a  severe  process  of  infection  concluding  in 
a  number  of  eases  with  the  animals*  death.  The  illness. appearing  in  r^ 
l&tion  to  irradiation,  doee  not  differ  as  a  wliole  from  spontaneously 
appearing  Illness,  and  has  the  character  of  severe  gastroenteritis.  Ir¬ 
radiation,  however,  imposes  its  mark  on  the  morphological  manlfestatl.^n 
of  this  illness  In  the  form  of  the  develoomont  of  moJer.ta  atrophic  phe¬ 
nomena  in  the  spleen  and  intestinal  lymphatis  apparatus. 
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EST.WLISHING  PERMISSIBLE  HWIMUMS  IfJ  TRE 
CONTENT  AND  INGE3TI0M  LEVELS  OF  RAGTOACTTVE 
ISOTOPES  IN  THE  ORGANISM 
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Follovin^;  i3  the  trinal.itiO'i  of  an  article  by  lu.  I. 
‘Moskfilev  In  tha  Rudnian-language  perloUcal  Haditgln-» 
3kaya  Radlologya  (Medical  Radiolo©’) ,  Vol  7,  No  8^  Mos- 
co7»,  iuguat  19»2,  peges  91-97.  J 


In  order  to  establish  penal asible  levels  for  tJie  in^'estloa  of 
ra-Uoacti7«  isotopes  in  the  organism^  an  tmderstnnhlng  of  general  lairg 
of  biologi'‘al  activiV  for  small  Ionising  r^'lntion  doses  is  necessary. 
Amonj  t!ie  basic  foci  of  r'^dlobiology,  an  Import-Mit  place  is  occupied  by 
problems  of  threshold,  sujnmatlon,  restoration,  coiape/iaation,  and  r-idlo- 
nonsltlYlty  in  their  various  aspects*  An  understanding  of  laas  govern¬ 
ing  distrlbutl'-'O,  accumulation,  and  removal  of  radio'^ctive  isotopes  from 
the  organism  in  relation  to  the  rhythm  of  their  ingestion  —  is  another, 
but  no  less  important,  aspect  of  this  question. 

In  this  article  we  wish  to  examine  possibilities  of  experimental 
bases  for  peri«ls  ;ibl«  naximums  in  the  content  and  Ingest' on  levels  of 
radioactive  Isotoies  in  f’e  human  organism,  while  using  osteosarcoaoge- 
nio  and  laukemogenic  action  of  radioactive  isotopes  as  our  criterion  for 
longevity. 

The  high  energr  level  of  irradiation,  significantly  exceeding  that 
of  chemical  ties,  makes  the  hypothesis  highly  likely  that  there  is  no 
threshold  for  the  action  of  ionising  radiation  In  initial  changes  in  any 
structure  of  the  organism  on  a  molecular  level.  It  does  not  follow,  how¬ 
ever,  that  reactions  at  other  levels  also  have  no  threshold.  Experimen¬ 
tal  evidence  on  the  biological  activity  of  various  aspects  of  ionizing 
radiation,  including  radioactive  Isotopes,  is  sufficiently  convincing  on 
■tiiis  score. 

In  resolving  th«  problem  of  the  threshold  or  non-threshold  nature 
of  the  reaction,  data  concem'ng  the  form  of  the  doae-affect  curre  are 
highly  significant. 

Figure  1  presents  data  characterizing  tlie  degree  of  decrease  In 
the  natural  life  span  of  rats  in  relation  to  the  amount  of  Sr^O  induced 
Into  the  abdominal  cavity.  We  see  that,  according  to  the  criterion  of 
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11^9  span  duration,  the  action  of  Sr^  has  a  thrsahold  character.  Ana¬ 
logous  resets  wars  obtait^  with  other  radioactiva  isotopes,  as  for  ia- 
stancs  C0^t  Ca^^*,  Ba^^  and  othors.  There  exists  a  wery  wide  dosage 
diapason  wMch  does  not  affect  the  longevity  of  exp-rimental  rats.  The 
naxlnal  Sr^  dosage  that  is  ineffaetlve  for  rats,  according  to  the  cri¬ 
terion  of  longevlV*  A*  25-50  MAg»  for  nice  (according,  to  the  data 
of  M.  Plnkel')  —  UiieAc. 


Plgare  1.  The  average  decrease  in  the  life  span  of  rats  (in 
percentages  to  control)  In  relation  to  the  quantity 
of  Intra-aMomlaal  induction  of  Sr^. 


lageodt  Tha  striped  area  —  death  rate  for  control  anlnals 
with  reliability  Intervale  for  P  »  0,05. 

We  are  acquiring  experlaantal  data  providing  evldanoe  that,  at 
««all  quantities  of  radloactivs  substances,  the  average  life  span  of 
cixperinental  anisals  increases.  For  instance,  on  induction  of  Sr^  in 
cuantities  of  1-5  par  rat,  the  experlnental  aninals  initially  die  off 
sore  slowly  than  the  control  aninals.  In  500  days,  36.69K  of  ths  con¬ 
trol  aninals  died,  while  on  induction  of  1,  2,  and  5  yUcthe  correspond¬ 
ing  percentages  were  25.8,  30.9,  and  17.2]t.  The  average  life  span  of 
female  rats  in  e^qpsrlnental  groups  was  530,  536,  and  5B5  days;  while  In 
the  control  —  506  days.  Analogous  results  were  obtained  with  CeA44.  in 
parenterUl  induction  of  this  isotope  in  quantities  of  1,  2,  5,  axid  10  , 
by  the  450th  day  there  died  7.9,  7.7,  13.2,  and  8.85(  of  male  rata  and 
14«3,  12.2,  17.9,  and  17.1^  of  fanale  rata.  In  the  control  group,  for 
the  sane  tine  interval  aale  rats  and  2B»6!{  fenale  rats  died.  The 

differmees  between  the  death  rates  for  control  and  experimental  groups 
are  reliable.  Radiation  levels  for  the  aninals  at  Uia  quantities  of  Ce^^ 
were  oonparatively  low.  The  average  daily  dosage  strength  on  induction 


-16- 


of  1-5  was  0.84-0*4  rad/day,  and  in  bone  tissue  1,3-6. 2  rdd/day, 

Th©  average  Irrediatlon  dos©|  accumulated  during  the  life  span^  was  0,03- 
0.16  krad,  and  In  bone  tissue  — -  0.51-2.6  krad,  H.  Flnkel*s  research 
also  emphasizes  the  long,  in  comparison  with  adequate  control,  ll^e  S'^'an 
of  mice  subjected  to  saudl  quantities  of  Ptt^,  ^132^  Po^lO. 

We  are  dwelling  In  some  detail  on  this  data,  as  we  are  deeply  con¬ 
vinced  that  in  evaluating  permissible  levels  of  content  and  Ingestion  of 
rad.loactlve  isotopes  In  the  organism  it  is  appropriate  to  use  not  just 
any  reaction  of  the  organism  to  irradiation,  but  only  those  which  cha¬ 
racterize  the  inlurioua  action  of  radiation.  Of  course,  as  a  result  of 
the  fact  that  under  conditions  of  prolonged  action  of  low  radiation  le¬ 
vels  average  life  span  increase  is  possible,  the  causes  of  death  ca>i  sig¬ 
nificantly  differ  from  these  in  the  control  population.  In  this  connection 
we  are  faced  with  the  difficult  oroblem  conceriilng  which  deviations  from 
’’the  norm*  in  conditions  of  continuous  radiatl'n  can  be  taken  into  ac¬ 
count  in  the  evaluation  of  harmful  effects  of  small  dosage  radiation. 

In  the  evaluation  of  the  injurious  action  of  radioactive  isotopes, 
the  data  characterizing  their  blastomogenic  activity  la  .very  significant. 
One  of  the  most  dangerous  of  the  radioactive  isotopes  in  the  professional 
sense  is  Sr^.  Experiment  shows  that  this  radioactive  isotope  elicits 
in  animals  (mice,  rats,  rabbits,  dogs)  the  appearance  of  toaora  of  the 
bone,  and  hoaopoletlc  and  endocrine  systems.  Quantitative  data,  descri¬ 
bing  the  appearance  of  these  tumors  in  relati->n  to  the  quantity  of  indu¬ 
ced  activity,  do  not  have  a  linear  character.  Moat  frequently  Sr*^  pro¬ 
duces  bone  tissue  tumors  in  animals.  This  type  of  tumor  reaction  has 
been  studied  in  more  detail  and  can  be  quantitatively  described.  Figure 
2  shows  the  "threshold"  nature  of  the  indicated  effect,  in  amy  case  for 
the  liadted  population  of  experimental  animals  encompassing  hundreds  of 
animals  per  dose.  On  single  parenterial  induction  of  the  isotope,  the 
minimal  osteosarcomogenic  dose  la  within  limits  of  25-50  >.c Ag»  Accord¬ 
ing  to  our  evidence,  on  single  parenterial  induction  of  rats  with  Sr^, 
the  ineffective  quantity  in  relation  to  osteosarcoma  is  5-50.<a/k8*  accor¬ 
ding  to  M,  Finkel’s  aloe  experiments,  it  is  44>cAg»  II'  "r*  suppose  that 
a  similar  ratio  is  true  in  man,  then  allowing  for  differences  in  life  span, 
single  parenterial  induction  of  Sr^O  in  quantitltes  of  10-100  yiu.  should 
not  affect  the  natural  life  span  in  vmn  nor  increase  the  incidence  of 
bone  tissue  tumors* 


Pigurs  2*  Tb«k  frequency  of  C2oi»oae7cciiia  in  aiile  end  faouile 
rate  In  relation  to  the  quaittlty  of  Intra-^bdoal- 
nally  Induced  Sr^. 


Skeletal  dotage 

HU  n  neai/i»  >en  un 


The  action  of  Sr^  often  produeee  leukoaea*  The  problee  of 
whether  this  Is  a  threshold  or  non>threshold  reaction  has  not  yet  been 
resolTsd*  Rats  develop  leu^ses  significantly  eore  rarely  than  sareo~ 
ans  under  the  action  of  3r^.  On  inducing  Sr^  in  quantities  of  50- 
250pc/kgf  the  frqueney  of  leukoses  increases  2-4  tines  in  ooaparlson 
with  the  control*  The  relation  of  leukoses  incidence  to  the  quantity 
of  parwitnried  rat  induction  of  Sr90  is  Illustrated  in  Figure  3*  The 
data  in  this  figure  Indicate  the  ebeence  of  a  linear  relationship  bet¬ 
ween  the  quantity  of  induced  Sr^  and  the  frequency  of  leukoeee*  The 
shape  of  the  curve  ia  evldance  of  thej^essi-l^  for  exceeding  threshold 
dosans  in  producing  leokoeea.  In  Sr^  induction  in  quantities  of 
5>u.7kg,  leukoses  are  encountered  in  the  sane  frMuency  in  e:q>sriaental 
(in  one  rat  out  of  83,  surviving  200  days,  or  1*29)  and  control  rate 
(in  6  out  of  337,  or  1*89().  These  rats  sustain  an  Irradiation  dose  of 
0.27  krad  in  their  bone  narrow  during  their  llfetine* 
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Figure  3.  Tha  average  life  span  of  ra^  In  relation  to 
the  ingestion  rbyth»  and  Sr^  dosage. 


According  to  the  Influence  of  radioactive  isotopes  on  the  life 
span  and  the  appearance  of  tunors  in  the  boaopoietlc  tissue  and  bone, 
the  action  of  Sr^  and  other  osteotropic  isotopes  has  a  threshold  cha¬ 
racter*  Thia  provides  a  basis  for  future  consideration  of  the  problem 
of  peratiaslble  levels  of  content  and  ingestion  for  radioactive  Iso¬ 
topes  in  the  organism  for  m  few  people  at  least, whose'  work  is  related 
to  the  utilization  of  radioactive  isotopes. 

Because  of  the  slow  removal  from  the  organism  of  the  injurious 
action  of  radioactive  isotopes,  even  their  single  ingestion  into  the  or¬ 
ganism  continues  over  a  very  prt>longed  period;  and  in  the  case  of  long- 
lived  radioactive  isotopes  —  over  a  full  life  span.  It  la  therefore 
very  iiqx>rtant  to  clarify  the  question  of  the  irole  of  the  time  factor 
in  the  injurious  action  of  radioactive  isotopes,  and  the  relationship 
of  their  biological  activity  to  the  Ingestion  rhythm  of  the  organism. 

A  very  complex  correlation  exists  between  the  organism's  rsaetlons 
and  iorJising  radlationli  action  rhythm.  At  the  basis  of  the  correlation 
lies  the  differing  sensitivity  of  separate  systems  and.  organs  to  ir¬ 
radiation,  and  their  varied  capacity  for  compensation,  restoration,  and 
summation  of  irradiation  injuty.  Restorative  processes  occur  differently 
in  various  systems  of  the  organism,  so  that  a  decrease  of  dosage  strength 
can  have  unequal  aigniflcance  for  various  systems.  Ovaries  have  a  vexy 
high  sensitivity  to  ionizing  irradiation  and  a  very  low  reparative  capa¬ 
city.  In  contrast  to  hemo^letio  organa  and  the  intestinal  mucous  mem¬ 
brane,  the  ovaries  show  destructive  changes  of  a  single  type  on  single 
massive^and  prolonged^aotloo. 
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A  eomparatlTe  evaluntion  of  the  n.ct'on  of  on  the  life  span 

of  rats  In  relation  to  the  isotope  Ingestion  rhyths  indlcat«i(lnooaplete 
summation  of  radioactive  effects.  Protracted  Induction  (dally  for  100 
days  at  15>e)  of  effective  single  doses  (l,500M'P®r  rat,  intra- 

abdominally)  of  leads  to  a  significant  decrease  (by  10  tines)  in 

comparison  "rith  the  control  (478  ♦  21  days)  of  the  life  span  (fron  19 
4  at  a  single  Induction  to  Ito  1  20  daye  at  pir)longed  ingestion).  It  Is 
important  to  emphasize  that  such  an  abniot  decrease  in  the  effective  ac¬ 
tion  of  radioactive  isotopes  on  protracted  ingestion  into  the  organism 
is  observed  only  \inder  the  breakdown  of  highly . effective  quantities.  On 
breakdown  of  acute  and  chronic  effective  isctope  quantities,  differences 
in  the  life  span  In  relation  to  isotope  ingestion  rhythm  are  less  marked 
(See  figure  3} .  In  later  intervals  of  the  experiment  there  are  similar 
peripheral  blood  changes  in  the  animals,  irregardless  of  single  or  pro¬ 
longed  Induction  of  the  Indicated  quantity  of  Sr^. 

It  is  of  interest  to  evaluate  the  significance  of  dosage  strength 
in  the  occurence  of  tiiatogenlc  action  fro*  ionising  radiation.  An  ana¬ 
lysis  of  experimental  data  shows  that,  under  the  action  of  Sr^,  th®  In- 
cldmce  of  csteosarcom  significantly  depends  on  dosase  strength  (Pigure 
4)  [^ee  No^  .  T^ithln  limits  of  equal  total  doses  (12.6-21  krad),  de¬ 
creasing  dosage  strength  by  20  times  produces  a  decrease  of  osteosarcoma 
incidence  by  10  times.  When  the  bone  marro*  accumulates  12.6  krad  for 
30,  100,  and  400  days,  osteosarcomes  occur  in  30j  S,  4,  and  of  the 
animals.  Within  limits  of  optimal  obteosarcomogenlc  doses  (47  krad), 
decreasing  the  irradiational  dosage  strength  by  3  times  has  little  ref¬ 
lection  on  the  total  incidence  of  osteosarcomas. 

([^ot^:  Text  of  footnote!  The  frequency  of  oateosarcomas  under 
the  given  total  irradiation  dosage  was  not  determined  Immediately  after 
the  bone  marrow  accumulated  a  corresponding  dose,  but  after  the  ’’latent" 
period  elapsed  (200  days)  necessary  for  development  of  the  tumor.  Thus, 
for  examid-e,  at  total  doses  of  16.8  krad  accumulated  by  the  skeleton  over 
50  days,  the  osteosarcoma  frequency  induced  by  this  dosage  was  determined 
on  the  250th  day,  l.e.  after  completion  of  the  "latent"  period.) 

Figure  4»  The  relation  of  the  Incidence  of  sarcomas  in  rats 

'.inder  the  action  of  Sr^O  to  the  strength  and  magni¬ 
tude  of  the  total  irradiation  dose  in  bone  tissue. 
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Corraspondlng  to  thaae  data  are  the  exgerifients  on  the  study  of 
the  rolatlonahlp  between  osteosarconogenic  Sr°^  action  (Kusma  and  Zander, 
1958)  and  3r^  (lu.  I.  Moakalev)  in  relation  to  the  isotope  ingestion  rhy- 
tha  of  the  organism*  In  our  experlenent*  conducted  with  V.  N*  Strel*t60- 
it  wan  eatabllahed  that  In  single  Sr^  induction  (in  equlllbriua  with 
T*)  «t.  quantities  of '  100 /ic  per  rat,  osteosarcomas  develop  in  26<;  on  in¬ 
duction  of  the  indicated  quantity  for  100  days  —  in  8.3Jlj  and  on  fraction¬ 
al  Induction  at  2  week  Intervals  (for  10  inductions)  and  one  month  (5  in¬ 
ductions),  the  rats  did  not  develop  osteosarcomas*  We  oust  state  tl^t 
the  "latent”  period  necessary  for  the  development  of  osteosarcomas  in¬ 
creases  with  e  decreased  quantity  of  induced  activity* 

Theae  facts  are  evidence  that, under  low  radiation  levels  In  struc¬ 
tures  where  deleterious  changes  are  occurring,  restorative  processes  taka 
place*  This  means  that  radiation  susmatlon  is  Incomplete.  Under  the 
action  of  oC-radlation,  bone  tissue  restorative  processes  occur  much  more 
weakly  than  under  ^-irradiation*  For  example,  according  to  the  observa¬ 
tions  of  M*  Flnkel*  (1956),  under  the  action  of  Ra^^o  a  decrease  to  l/LOth 
(fron  60  to  5  of  the  amount  of  Induced  isotope  (in  experiments 

with  mica)  leads  to  a  decrease  in  incidence  of  osteoeareoma  from  60  to 
35^,  l.e.  it  leeaens  to  half*  In  the  case  of  Pu^^^,  on  decrease  of  the 
optimal  osteosareomogenic  dose  fron  3  to  0*3  .^g,  the  frequency  of  oeteo- 
sareona  decreased  to  199t  •  Research  on  conducted  on  rats  by  A* 

M«  Bukhtoyarova  and  V.  K*  Lemberg,  shows  that  under  a  decreased  quantity 
of  induced  activity  to  lAOth  (from  6.3  to  0*63;<V)cg)  the  frequency  of 
osteosarcoma  decreases  to  405*  There  is  an  utterly  different  correlation 
under  the  action  of  ^-irradiation  (Xu.  1*  Uos^lev).  A  decrease  to  lAOth 
of  optimal  osteosarcomogenlc  quantities  of  and  Ce^  (from  50-1,000 
to  50-100  ^As)  Ib  associated  with  a  drop  in  frequency  of  osteosarcoma 
to  or  to  an  order  higher  than  under  A-lrradiation. 


Table  1*  B«ie  tOMr  frequency  under  parenteirial  Induction 
of  Pu  239  under  various  isotope  injreetion  rhythms 
(according  to  the  data  of  lu*  I*  Hoekalev,  L.  A* 
Buldakov,  and  V.  W.  Strel*tsova) 


OJUiH  PM»  •  H«- 
AtyUO  3.1  d 


OAUN  PM  » 


Pu*“  1 .25-20  1  2/^6  (4.4%)  1 4/45  (8.9%)  3/45  (6.7%) 
Sr'o-fY"*  [  600  1  6/23  (26%)  j  1/12(8.3%) 


5/36(13.9%)! 
0/14  (0) 


3/20(15%) 

0/11(0) 


Legendi  1,  Induction  rhythm.  2*  Isotope.  3»  Quantity >Ag»  4* 

elngle  5«  for  50  days  6*  for  100  days  7*  once  weekly  for 
9  weeks  8*  once  in  2  weeks  for  18  we^s. 

Note*  the  numerator  —  tumor  frequency;  the  denominator  —  the 
quantity  of  animals  not  surviving  after  the  200th  day. 


In  contrast  to  Sr^O,  tha  ostsosareonogenle  action  of  is  not 

too  dapandent  on  the  ingestion  rh7tha  of  the  Isotope  into  the  orgsnisa. 

It  W8.S  shown  that  under  Pu239  action  bone  tuaors  occur  both  with  single 
and  prolonged  ingestion  of  equal  Isotope  amounts  (Table  1). 

One  forms  the  Impression  that;  under  prolonged  induction  of  Pu^39, 
bone  tissue  tumors  derelop  ewan  scmeehat  more  frequently  than  under  single 
induction.  For  examplsi  after  single  induction  of  Pu^^  In  quantities 
of  1.25  to  20>u:  f  bone  tumors  dereloped  in  of  the  rats  who  did  not 
surriye  after  the  200tb  ds7;  on  induction  of  the  sans  quantities  for 
50  acd  100  dsys^  9  weeks  (once  wetdcljr)  and  18  weeks  (once  evety  two 
weeks),  bone  tumors  dersloped  correspondingly  in  8.9,  6.7,  13,9,  and 
15!C.  Sines  our  data  ars  quantltatiraly  small,  further  s]q>erliMnts  ac¬ 
cording  to  this  plsn  are  necessary  on  a  larger  aaaqde  of  animals*  Never¬ 
theless,  results  of  our  research  permit  our  making  ihe  conclusion  that 
the  frequ«*ncy  of  bone  tumors  on  fraetlMMd  and  protracted  induction  of 
OC -Irradiators  does  not,  in  any  case,  decrease.  These  data  are  evidence 
that  injury  produced  h7  OC-irradlatora  are  less  wall  restored  and  better 
summated  under  protracted  action.  The  Indicated  differences  in  blasto- 
Bogenic  activity  of  X-  and  p-irradiators  la  a  neoassary  factor  to  con¬ 
sider  in  atteq;>tito  extrapolate  from  eiiqperimental  results  on  animals  to 
humans* 


Flgurs  5*  The  relation  of  leukosM  frequency  to  the 
quantity  of  induced  Sr^. 

Bone  narrow  doM  ’ 


Legandi  Striped  area  —  lecdcoees  frequency  in  control  ratfi* 

In  contrast  to  osteosarcomas,  the  frequency  of  hsmopolstie  tissue 
tumors  under  Sr^  in  conditions  of  protracted  actiem  does  not  decrease* 

Cn  the  contrary,  it  can  eren  be  greater  then  in  concentrated  action*  For 
exaBq>le,  at  total  dosas  of  2*7  krad  aecuimilatad  by  bone  marrow  over  50 
days,  Isukoses  under  Sr^  developed  in  Ijt  of  the  rats}  under  aoeumulatlon 
of  the  indicated  dose  for  200  and  600  days  —  in  a  corresponding  3*8  and 
of  anlaals*  it  total  doss  of  5*6  krad,  leukoses  frequency  at  aeou- 
Biulated  doses  for  50,  150,  and  650  days  was  2*5,  4*5  snd  8*3  ^  (Figure  5)* 
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These  facte  point  to  the  existence  of  sunBati<m  and  poor  restoration  of 
injuries  in  bone  marrow  oaabial  elements  leading  to  the  occurrence  of 
leukoses. 

The  data  we  have  examined  lead  us  to  conclusion  that  under 
prolonged  ingestion  of  small  quantities  of  8r^,  the  probability  of  the 
occurrence  of  osteosarcomas  decreases.  The  exlstenee  of  a  definite 
"threshold"  dossy  necessary  for  the  induction  of  sarcomasi  and  the  ab¬ 
rupt  decrease  in  the  frequency  of  bone  tumors  under  decreased  dosage 
strengths, provide  a  basis  for  the  position  stated  above.  The  existence 
of  more  eoo^lex  conditions  for  the  occurrence  of  leukoses^  the  existence 
of  a  "threshold"  dose,  and  the  poor  reatoratlon  of  injuries  in  bone 
marrow  cells  ae  a  consequence  of  the  significantly  longer  hiunan  life 
span  do  not  exclude  the  possibility  of  the  occurrence  of  this  reaction 
under  smaller  Sr^  quantities  than  those  for  rats.  It  is  obvious  that 
future  accumulation  of  experimental  data  is  neceasaxy  to  pin-point  ml- 
nlsMl  leukemogenic  doses  and  the  role  of  the  time  factor  in  the  produc¬ 
tion  of  this  reaction. 

Leukemogenic  radioactive  iaotope  action  cannot  be  examined  apart 
from  other  reactions  of  the  organism.  If  we  use, as  such  an  additional 
crlterlem, the  average  life  span  of  rate  dying  from  leukosis  in  the  con¬ 
trol  and  experim^tal  groups,  '^en  induction  of  minimal  leukemogenic 
c-uantities  of  Sr^  (2  ,u«-per  rat)  produces  leukoees  in  5  out  of  82  rata 
(6.1f>)«  The  average  life  span  of  rats  with  leukoses  was  591  days  and 
was  even  somevdia^longer  thw  in  control  animals  (538  diqrs). 

TaJclng  Sr^  as  an  exaaqple,  we  will  examine  waye  of  translating 
experlBiental  data  from  animals  to  humane.  The  experimental  data  indi¬ 
cated  above  concerning  the  effect  of  Sr^  on  the  life  span  and  on  the 
occurrence  of  tumore  of  the  bone  end  homopoietlc  system  can  be  utilized 
for  the  evaluation  of  minimal  permissible  levels  of  the  ingestion  of 
th^  Isotope  by  the  human  organism.  They  show  that  single  parenterlal 
Sr^  induction  In  lO^uquantity  does  not  affect  the  natural  life  span  or 
the  frequency  of  bone  tumors  and  leukoses  in  the  human.  In  recomputing 
experimental  data  from  animals  to  humans,  owing  to  the  elgnlflcant  dif¬ 
ferences  in  longevity,  the  quantity  of  Sr^  that  is  non-effective  for 
rats  decreases  to  2.85^.  This  means  that  the  same  decrease  holds  for 
the  irradiation  dose  strength  in  the  rat's  organ.  For  reactions  (lon¬ 
gevity,  bone  tumors)  which  are  well  restored  and  weakly  sunmated  under 
pi^trficted  action,  this  has  great  Importance  ae  the  additional  biologi¬ 
cal  coefficient  of  reserve  plays  a  part  here.  For  those  reactions  idiose 
development  is  11 tie  affected  by  decrease  of  dosage  strength  (leukoses, 
ovarian  injuries),  this  circumetanee  apparmntly  will  have  less  meaning. 

The  bone  tissue  has  a  prolonged  retention  not  of  all  the  strontium, 
but  only  of  a  portion  of  it.  An  analysis  of  data  on  distribution  shows 
that  rat  bone  at  final  stages  of  the  exjMrlment  retains  15-20il  of  the  in¬ 
duced  Sr^.  The  maximal  permisaible  Sr^  content  in  human  bones,  there¬ 
fore,  should  be  1.5-*2yU<,.  A  similar  magnituds  (2.3.nc)  was  obtained  in 
computing  the  maximal  permissible  Sr^  content  in  the  human  body  by  em¬ 
pirical  equation. 

(1)  Mpe  «  4.6  d 
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wh6r®  Mpo  Is  ths  Bt&xlii&l  p^nnlsslbl®  con'tsn't  of  os^otroplc  iso'tops  in 
ihd  hun&n  8lc®l©tonj  d  is  ths  optlBJsi  ostsoBftrcoRogflnic  ln*sdlation  dos® 

for  I’ste  (in  mlcrocuri®  p*r  1  g)* 

Equation  (1)  Is  derived  from  the  comparleon  of  clinical  and  expe¬ 
rimental  Inveatigatlone  on  osteoearcomogenlc  action  of  radium. 
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2*  optimal  osteosarcomogenie  content  on  intra- 
peri  toneal  Induction,  vc/g 
3*  naxiaial  pemiesible  isotope  content  in  the 
human  skeleton,  >(/g. 


Table  2  presents  magnitiides  of  siaxlmal  permlsslbie  contents  de¬ 
rived  from  equation  (1)  for  a  number  of  reactive  isotopes  in  the  human 
body. 

The  magnitudes  of  maximal  permissible  radioactive  Isotope  content 
thus  found  are  in  correspondence  with  international  recommendations. 

In  evaluating  the  maximal  permissible  3r^  content  in  the  human 
skeleton  derived  through  other  methods,  including  dosimetry,  taking  into 
account  the  unequal  distribution  of  the  Isotope  in  the  bone  tissue  and 
the  differences  in  the  magnitudes  of  local  tissue  dosages  connected  with 
this,  we  obtain  similar  magnitudes  On  conducting  corres- 

pon>-.'lng  canqxitations  for  the  maximal  permissible  strength,  we  used  a 
dosage  equal  to  300  mber/week. 

Onecthe  magnitude  of  maximal  pemiselble  radioactive  Isotope  con¬ 
tent  has  be«i  established  in  the  critical  organ,  we  can  go  on  to  an  exami¬ 
nation  of  the  problem  of  the  activity  amounts  that  can  be  ingested  dally 
by  the  organism  with  food  products  or  through  respiratory  channels,  t^n- 
til  the  present  time,  information  on  the  continuous  deposit  and  removal 
of  radioactive  Isotopes  from  critical  organa  has  besn  gleaned  primarily 
from  investigations  of  single  induotlons  of  a  substance.  Recent  research, 
however,  Indicates  that  this  method  of  evaluating  maximal  permissible  le¬ 
vels  of  radioactive  isotope  ingestion  by  the  orgwlsm  is  not  effective. 

1f»  will  Illustrate  this  through  taking  Sr^  as  an  example.  In  ex- 
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perlaeats  '^dth  Intra-peritoneal  induction  of  ratsi  vat  found  that  after 
single  Induction,  its  renoval  fron  bone  tissue  can  he  aatlsfaetorlljr  des¬ 
cribed  I7  the  equation t 

(2)  Qt  ■  25.5  ♦  36.6  e-®*0018t 

Moreover  4JS  of  the  Initial  Sr^  deposit  is  renoved  vlth  s  40  days 

and  5958  —  with  *  392  days. 

In  conditions  6f  prolonged  ingestion  (daily  induction  for  100  days) 
there  are  changee  not  only  in  the  constant  rsaoval  of  the  isotope  fron 
bones,  but,  what  is  particularly  iaqwrtant,  there  are  changes  in  the  co¬ 
efficients  of  Sr90  storage  in  the  bone  tissue.  Equation  (3)  describes 
changes  in  Sr90  eont«at  in  rat  skeleton  after  Isotope  induction  is  stopped t 

(3)  Qt  *  8*6  ♦  18.5  e“®*®<^5t 

Nearly  3258  of  Sr^  is  renoved  with  ■  77  days,  and  6858  — 

with  Thiol.  *  ^  nagaltude  is  ap^rently  ower-estinated; 

the  observation  period  after  cessation  of  induction  was  only  340  days). 

In  coBjMrlson  with  single  induction  at  prolonged  Ingestion,  the  sa^tude 
of  Sr^  storage  in  the  skeleton  was  43*558  lower.  On  fractional  induction 
of  Sr^  (once  a  nonth  for  a  total  of  5  indue  ticns),  its  resioval  fron  the 
skeleton  (after  cessation  of  Induction)  is  descrlb^  by  the  equationt 

(4)  Qt  »  13.9  e-0«0264t  4  17.1  ,-O.OOOat 


Nearly  4658  of  the  aetiwity  Is  reaoved  with  T^^^  s  26  days  and 
54*  -  with  Tijtoi.  s  1,690  days.  In  eo^iarison  with  single  Induction, 
SrvO  content  was  5058  less* 

The  indicated  data  is  sufficient  c^ar  evidence  that  the  con¬ 
stant  bone  deposition  and  renoval  of  Sr^  depends  on  the  rkythai  and  in- 
gestim  of  isotope  induction  into  the  organlsn.  Moreover  the  nagnitude 
of  Sr^  deposition  in  bone  tissue,  in  conditions  of  prolonged  Ingestion, 
significant  deoreases.  As  a  result  of  the  constant  deposition  and  re- 
no^  of  Sr^  fron  the  skeleton  depending  on  the  xhythn  of  its  induction 
into  the  organlsn  and  changes  in  tine,  it  would  be  inadvisable  to  draw 
conclusions  regarding  laws  of  isotope  deposition  in  the  organlsn  <m  the 
basis  of  esqEMrinentation  with  single  induction.  There  is  an  obvious  ne¬ 
cessity  for  direct  data  on  the  patterns  of  radioactive  isotope  deposition 
under  prolonged  ingestion  into  the  organlsn. 

Under  prolonged  ingestion  of  radioactive  substances,  as  a  res\ilt 
of  radioactive  breakdown  and  renoval,  an  equillbriun  is  established  bet¬ 
ween  isotope  ingestion  and  retention  in  the  organlsn.  Apparently  de¬ 
position  oultlpllclty  (the  relation  of  isotope  retention  in  the  organlsn 
in  a  critical  organ  after  an  equillbriun  has  been  established  to  the 
daily  ingested  dose)  and  the  speed  with  idilchvarious  Isotopes  achieve 
an  equillbriun  will  differ.  In  the  case  of  isotopes  having  a  short  pe¬ 
riod  of  partial  breakdown  (for  exanple,  Sr®9  with  TJ  ■  53  days),  but 
a  long  period  of  removal  from  the  organism,  the  problen  is  resolved  re- 
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latlvsly  slmpl:'',  a»  their  deposition  inuLl.+i  pi  Icily  in  the  orgAnlam  is  de¬ 
termined  by  the  partial  breakdown  period,  and  the  eqvdlibriua  between 
ingestion  and  deposition  of  the  isotope  in  the  organise  ie  est'ibllshed 
relatively  quickly.  The  reseerch  of  E,  B.  Kurlyawiskly  and  co-authors 
(1957)  ai^  D*  I»  Ilyin  and  Yu.  I.  Moekalev  (1959)  o^ucted  on  various 
snlnwls  confirwithis  position.  It  appeared  that  Sr®9  deposition  multi¬ 
plicity  in  the  bone  tissue  of  rats  and  rabbits  ia  8,i4,  and  the  equlll- 
bftiujK  between  Isotope  ingestion  and  retention  in  bones  was  established 
by  the  130th  day.  Subsequent  dally  Sr^  induction  over  830  days  did 
not  affect  the  magnitude  of  deposition  multiplicity  of  this  isotope  in 
the  skeleton.  On  the  basis  of  these  data,  it  Is  not  difficult  tc  cal¬ 
culate  that  for  retention  In  htuaan  bones  of  maxlnal  pemiseible  Sr^ 
Content  thei^  can  be  dally  ingestion  of  0.2>»of  thtls  isotope. 

In  the  case  of  long-lived  radioactive  Isotopes  which  are  slowly  removed 
fron  the  organisa.  Including  3r^,  the  eqvtliibriua  between  Ingestion 
and  deposition  is  established  at  later  Intervals. 

By  means  of  calealaWons,  we  found,  along  with  D*  I,  11^ in,  that  in 
pigs  and  dogs,  on  dally  Sr^  ingestion, per  os  equilibrium  (99jf'  Must  be 
est’^blished  In  approdsMtely  1,300  days,  while  the  isotope  deposition 
multiplicity  la  equal  to  45.  A  similar  magnitude  for  deposition 
aultlpllci'ty  in  the  skeleton,  15,  waa  obtained  in  experiments  on  dogs 
by  L.  N.  Burykina,  inducing  animals  with  3r90  by  mouth  over  a  period  of 
several  years.  In  conditions  of  continuous  Ingestion  through  the  gastro¬ 
intestinal  tract,  the  deposltlwi  multiplicity  in  the  human  skeleton 
would  apparently  differ  llttlejTrom  the  magnltudee  indicated  above,  par¬ 
ticularly  in  the  case  where  Sr^  would  be  ingested  ay  an  adult  human. 

The  indirect  data  confirms  the  accuracy  of  the  Indicated  position. 
We  will  therefore  utilize  data  on  the  deposition  of  stable  strontium  in 
the  human  organism.  We  know  that  man  consumes  10~’  g  of  stable  stron¬ 
tium  with  his  food  per  day,  while  the  whole  human  organism  retains  0.14  g 
of  this  Isotope,  It  therefore  follows  that  under  prolonged  ingestion, 
the  strontium  cont«it  in  the  whole  skelet*^  will  exceed  the  dailly  ingested 
quantity  by  140  times*  A  similar  magnitude  of  Sr^  deposition  multiplici¬ 
ty  in  the  human  skeleton  is  obtained  in  the  coaparison  of  the  exchange 
characteristics  of  the  indicated  element  with  stable  calclvn.  We  know 
that  the  passage  of  Sr^O  from  food  into  bone  is  achieved  with  its  dis¬ 
crimination  in  relation  to  calcium*  On  the  basis  of  the  research  of  L* 

A.  Buldakovs Viy  and  Tu.  I.  Moekalev  (i960)  conducted  on  sheep,  as  well 
as  direct  observation  of  the  migration  of  Sr^  falling  on  the  earth’s 
surface  along  the  food  chain  (milk  —  bones  cf  new-born  children),  this 
coefficient  Is  determined  to  be  0*2-0*25*  These  data  are  evidence  that. 

In  comparison  with  calcium,  Sr^  is  ingested  and  retained  by  the  organism 
in  smaller  asiounts. 

Sr^  deposition  multiplicity  in  the  human  akaleton  will  apparwatly 
be  smal  ler  by  the  magnitude  of  its  discrimination  in  relation  to  ealeiun. 
Since  oslclum  deposition  multiplicity  is  1,000,  the  corresponding  mag¬ 
nitude  for  Sr^O  should  be  200-250*  Such  Sr^O  deposition  aultlplicities 
might  be  observed  if  the  isotope  had  been  ingest^  by  the  organism  from 
childhood*  When  Sr^  is  ingestsd  by  the  adult  human,  its  dsposition 
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■ultiplleltgr  ■hoald  b«  lover  than  these  vagnitudes  sad  slallar  to  that 
obtained  In  aiperlMnt*  If  ve  take  as  a  base  a  naxinal  Sr^  deposition 
Bultiplielty  of  tha  hmaa  skaleton  of  250,  than  for  the  skelaton  to  re¬ 
tain  the  BSTiaal  pemissibla  nagnltoda  (2>ii<)  of  this  isotope  there  anst 
be  a  daily  Indao'^on  of  0*000  •  This  aagnltode  is  4*4  tines  higher 

than  the  one  reooanended  hf  ^  Intematlo^  Cosaission  on  radiological 
protection  (0.0018 jUa). 

On  tUs  basis  ve  can  eonelodej^at  existing  noms  of  per- 

nlssible  content  and  ingestion  of  Sr^  in  the  hunan  organise  bare  experl- 
■ental  rerificatlon  and  indioate  the  existenee  of  a  sufficient  reserve 
guarantee. 

The  induction  of  aaxiaal  pemlssihle  Sr^  quantities  into  the  org¬ 
an!  sx.  cannot  present  great  dangers  in  the  genetic  sense*  In  any  ease, 
this  danger  is  sl^fleantly  leas  than  that  fron  the  naturally  radio¬ 
active  isotopes  and  cM  iHiteh  constantly  enter  the  organism  with 
food  intake*  For  example,  the  adult  hunn  daily  takes  in  0.0054^  of 
naturally  radioactlre  isotope  X40  and  C^,  vUch  is  3.2  tines  greater 
than  the  naxlaal  pemisslble  nagnitode  of  8r^  ingestion  (0*0018>u^ ) . 

In  coBMrison  of  the  indicated  aagnitudes,  we  sust  keep  in  mind  that 
and  are  idioUy  ingested  froa  the  gastro-lntestinal  tract  and  are 
coaparatirely  evenly  distributed  in  organs  and  tissues,  while  Sr^  is 
only  partially  ingested  free  the  gaato-lntestlnal  tract  and  is  selective¬ 
ly  retained  by  bones  •ywhan  soft  tissues  retain  only  an  Insignificant  por¬ 
tion. 

The  data  cited  indicate  that  further  research  is  naeassary,  di¬ 
rected  at  atudflng  tha  radiobiological  laws  of  ths  action  of  ionlslne 
radiation  in  snail  doses |  establiabing  pemisslble  retention  levels  (in 
the  critical  organ)  of  radioactive  ieo topes  and  thalr  Ingaatlon  by  t^ 
hunan  organisai  and  studying  ths  laws  of  thalr  deposition  and  renoval 
under  prolonged  ingestion  by  the  organisn. 


BIBLIOGHAPHT 

Uoskalev,  Xu*  I*  Thesis  rep*  at  the  conference  on  radiational  nedicine. 
M*,  1959,  page  5* 

Uoskalev,  Xu*  1*  In  the  bookt  Reference  naterlals  on  research  concern¬ 
ing  radloactiva  structure*  M*,  1959,  page  83* 

Reeoiwendations  of  the  International  Conference  on  Prctection  against 
Irradiation.  M*,  1958* 


10,1*46 
CSOi  2:389-3 


-27- 


THE  SECOND  ALL-tWION  COJIFERHWE  ON  WE  APPLICATION 
OP  RADIOELECTBDNICS  IN  BIOLOCT  AND  MEDICINE 

-  USSR  - 


^Following  ie  the  trmslation  of  an  article  ty  lu,  B. 
Mandel^tavay  in  the  Ruealan-language  perlodir-al  Medl- 
tsklnateacya  RacUolo^lva  (Medical  Radiology) ,  Vol  7, 
No  ?,  Moaeow,  August  1962,  pages  lOO-lOlT^ 


Prom  April  24-28,  1962  there  was  held  In  Leningrad  the  Second 
All-Nnlon  Conference  on  the  application  of  radioelectronice  to  biology 
and  medicine,  sponsored  by  the  Scientific  Technical  ^clety  of  Redlo- 
techr Jcs  and  Electroslgnals  Imenl  A.  S.  Popovaj  the  Ministry  of  Public 
Health  USSR;  the  All-(Jnlcm  Scientific  Council  on  Redlophyslcs  and  Radio¬ 
technics  AS  tISSR;  the  State  Comriittee  of  the  Council  of  Ministers  USSR 
on  radioelectronlcs;  an'l  the  Acadeiry  of  Medical  Sciences  TISSR. 

More  tVan  1,000  people  participated  In  f;  e  conference.  Pour 
plenary  meetings  were  held  at  which  11  reports  were  made  on  the  major 
problems  of  the  application  of  electronics  In  siedlclne  and  blologyj  the 
role  and  fut\ire  for  the  utilization  o^  cybernetics,  electronic  mlcro- 
scony,  telerislcn  techniques,  ultre-sotjnd,  radioelectronics  In  physical 
therapy j  and  the  development  and  production  of  electronic  medical  equip¬ 
ment  In  the  USSR  was  discussed. 

At  11  sectional  meetings,  more  than  100  reports  were  made.  One 
of  the  sections  was  devoted  to  electronic  equipment  in  physlcloglcal  re¬ 
search  using  isotopes. 

G,  A,  Malov  and  H,  A.  Gabel ova  reported  on  the  results  of  the 
3t^)dy  of  blood  flow  speeds  in  various  areas  of  the  vascular  canal  In  pa¬ 
tients  with  acquired  and  hereditary  heart  defects,  as  well  as  in  patients 
with  vascular  diseases.  There  were  600  people  studied  in  all.  The  re- 
searc'r;  was  conducted  with  the  aid  of  an  R-canal  radiograph  In  the  Insti¬ 
tute  of  Heart  and  Vascular  Surgery,  A  comparison  of  obtained  speed  mag¬ 
nitudes  of  blood  flow  at  various  areas  of  the  vascular  canal  with  some 
hemodynamic  indicators  provides  the  possibility  for  establishing  laws 
which  do  not  emerge  In  the  study  of  blood  flow  speeds  through  usual  me¬ 
thods. 

The  report  of  E.  Tu»  El’kind  and  I,  M.  Gofman  described  the  gajnme- 


topograph  having  graph  raglstration,  dav»lop«d  In  th*  All-IInlon  Scienti¬ 
fic  Research  Institute  of  Medical  Instruments  and  Equipment  of  the  Mlxxl- 
atry  of  Puhllc  Health  USSR  (ASRIMIE),  which  has  been  approved  clinically 
by  the  Institute  of  Neurosurgery  Imenl  Acad,  N.  N.  Burdenko  (f.  M,  Lyass) 
and  the  Oncological  Institute  laeni  P.  A,  Gertsena  (M,  A.  Volkova), 

S*  G.  Zen'kovlch's  report  on  problems  of  gasinatopography  concerned 
chiefly  the  diagnostics  of  brain  tunws.  Re  reported  on  the  basic  charac¬ 
teristics  of  the  gamsaencephalograph  of  the  Leningrad  Neurosurgical  In¬ 
stitute  Imenl  A,  L,  Polenovai  briefly  surveyed  foreign  models}  and  also 
examined  the  problem  of  the  further  development  and  refinement  of  the 
method  of  scintillating  gamnatopography. 

V.  A,  Belyakov  (ASRIMIX)  discussed  radlometry  of  biological  liquids 
—  equipment  fanned  for  the  determinr.ti  'r;  of  urine-excreted  radio¬ 
active  iodine  *uid  other  y--actlve  isotopes  utlllaed  therapeutic  illy, 

without  additlonsl  dilution  and  evaporation. 

Tu.  B.  Mandel'tehayg  and  I,  K.  TabarovsTciy  (ASRIHIS)  reported  on 
the  clinical  sclntlUat’ag  equipment  for  the  determine tion  of  thyroid 
function  by  means  of  For  wider  inculcation  Into  cllncial  practice 

of  this  more  highly  approved  radlodlagnostle  technique,  it  is  neeessaryt 
to  supply  the  clinic  with  special  radiometric  equipment  of  high  sensiti¬ 
vity  which  would  secure  a  large  output  at  sufficiently  simple  operating 
conditions;  ^secure  ths  production  of  gelatin  capsules  with  packaged 
an^ts  of  ,  obviating  the  necessity  for  the  ellnio  to  dole  out  the 
yl31  solution  into  diagnostic  portions.  Ths  develo;vnent  of  this  miuip- 
ment  should  assist  rssolution  of  ths  first  task.  In  1962  ths  Council  of 
National  SeonosQr  in  Klsv  began  a  serial  distribution  of  ths  diagnostic 
sclntiHatlng  equipment  type  DSC-60. 

V,  A.  Volkov  and  E.  G.  Gulyaeva  (ASRIMIE)  discussed  equipment  for 
the  diagnosis  of  malignant  neoplasms  in  body  cavities  with  the  aid  of 
radloactlve^irradiators.  A  series  has  been  developed  of  scintillating 
and  gas-dlacharglng  (r*probee  for  research  into  activity  accumulation  in 
cavltlea,  tissues,  and  skin  surfaces.  |-probes  permit  diagnostic  investi¬ 
gation  of  the  vagina,  cervls  uteri,  larynx,  eyes,  brain,  esophagus,  sto¬ 
mach,  and  skin. 

The  appllsation  of  electroencephalography  and  methods  of  radio¬ 
active  indices  in  the  analysis  of  pbansaoologlcal  activity  of  eholino- 
lytle  substances  waa  the  subject  of  A,  M.  Kats*  report  (Leningrad  affi¬ 
liate  ASRIMIE).  With  the  aim  of  studying  changes  in  the  central  nervous 
system  occurring  under  the  influaooe  of  substances  with  a  central  cholino- 
lytic  action,  research  was  conducted  on  the  bioelectrical  sctivi^  of 
the  cerebral  cortex  in  rabbits.  The  omntrml  oholinolytio  sabstanoes  used 
weire  axysll  and  its  sulfer-contalnlng  analogue.  The  latter  was  marked 
Experiments  were  conducted  on  animals  with  ohronleally  implanted 
platinum  electrodes.  Electric  potentials  were  registered  on  the  multS- 
chsmtelled  electroencephalograph  ink  recording.  Parietal  and  occipital 
biotic s  were  registered.  At  the  same  time^the  distribution  character  of 
the  amysil  sulfer-contalnlng  analogue  in  the  animal  organism  was  studlsd. 
Combining  asthods  of  slsotrosnesphalography  and  radioaotire  indiess  per- 
mitted  following  the  fines%  obmngM  ooeurring  ix  the  central  nervous  sys- 
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t«nij  the  control  of  locell ration  and  duration  of  their  existence  In  the 
organisaj  ^nd  the  path^nys  and  spaed  of  removal  of  the  medicinal  pre- 
part  uion.  Research  was  conducta*!  on  many  'cin’s  of  animals. 

On  the  ahole,  the  Second  All-tinlon  Confereiice  on  the  Application 
of  Radloelectronica  to  Biology  ancJ  Medicine  was  significantly  more  re¬ 
presentative  than  the  First  411-TJnion  Conference,  held  In  Moscow  in 
T  uioarv  of  1959.  This  Is  seen  even  through  attendance  numbers  (4CX) 
people  in  1959)  and  reports  presented  (50  in  1959),  which  reflects  the 
significant  extension  of  the  development  of  radio-equipment  and  the  ap¬ 
plication  of  modem  methods  of  radioelectronics  in  medic  si  and  biological 
research.  Sectional  meetings  were  very  well  attended,  as  a  rule,  and 
were  verj^  active. 

However,  everything  said  relates  very  little  to  the  section  on 
electronic  equipment  for  nhyslologl -ial  research  with  the  application  of 
radioactive  isoi^nes.  This  section  was  listless  and  poorly  attende<i. 

Except  for  the  concluding  report  of  the  sectional  chairman,  A.  F,  Go- 
rodets'^iy,  there  was  no  discussion  of  reports.  Apparently  the  ^acte 
presented  in  the  repo*~t3  did  not  reflect  the  actttiil  slt««atlon  in  the 
area  of  radiometric  equipment  development  for  medical  .and  biological 
purposes.  This  Is  connected  with  a  number  of  reasons.  First  of  all, 
few  organization  of  a  corresponding  profile  were  urged  to  attend  (5 
out  of  the  7  sectional  reports  arere  presented  by  the  4SRIM1E).  Section¬ 
al  reports  had  differing  orientations:  in  some  the  main  emphasis  was 
on  purely  technical  and  physical  problems,  in  others  —  on  medical  ones. 
They  were  therefore  Intended  for  differing  types  of  audience.  Sinee  prob¬ 
lems  of  a  medical  character  (the  technique  of  utilizing  radioactive  iso¬ 
topes,  clinical  and  experimental  results)  are  chiefly  llseussed  at  all- 
union  and  republic  i^iologlcal  conferences,  it  would  be  advisable  to 
conentrate  the  focus  of  subsequent  conferences  on  the  application  of 
radloelectronica  to  biology  and  meiicinB  on  technical  and  physical  prob- 
leiMJ  in  the  development  of  radiometric  equipment  for  medical  and  bio¬ 
logical  research,  and  the  people  presenting  reports  should  be  oriented 
accordingly.  And  finally,  at  the  same  time  that  actions  were  hold  on 
the  indicated  research,  there  were  sectional  meetings  on  electronic  methods 
of  research  Into  physiological  functi!»,and  sections  on  the  apnllcation 
of  television  to  biology  and  medicine;  this  led  to  some  measure  of  a 
dissipation  of  effort. 

There  was  greet  interest  in  the  exhibit  of  new  radioeleetronic 
equipment  designed  for  medicine  and  biology,  held  at  the  conference. 

The  exhibit  demonstrated  more  than  150  appliances  and  instrument*  (in 
1959  only  90  eJdiiblts  were  shown),  developed  and  prepared  by  the  ASMBIE, 
the  factory  "Krasnogvardccirets*,  the  Scientific  Research  Institute  of 
E^qperimental  Surgical  Equiresent  and  Instruments,  the  constructional  bu¬ 
reau  "Blofizprlbor"  and  many  other  organizations. 
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